The purpose of this research is to define initial parameters of Inaouene river and its catchment areas using radar data and satellite data. The Inaouene river is situated at the east of Sebou basin in North-East of Morocco. The study has been done by two dataset: 1) Shuttle Radar Topography Mission (SRTM) at a horizontal spatial resolution of 90 meters, and 2) ASTER (Advanced Spaceborn Thermal Emissionand and Reflection Radiometer) of GDEM version 2 at a horizontal spatial resolution of 30 meters, using ArcHydro model. Several raster and vector products of the Inaouene river and its catchment area have been defined at the end of the model. Moreover, final results of the ArcHydro model were compared with each other and with the reality. The result of this study can be used in baseline and advanced hydrology and geomorphology research on the catchment area. Besides of that, the result can define a spatial boundary of study on Inaouene River and its catchment area. Moreover, it would have support for decision-making on ground and surface water resource, distribution and management.
Introduction
A hydrological model is a simplification of a complex system [1] . At each stage of modeling, approximations are made: perception of the phenomenon, formalization into a conceptual framework, translation into a programming language [2] . Hydrological modeling is an essential tool to understand the dynamics of a watershed, in the rational use of the water resources of this basin and in the combat against flood-related natural disasters [3] . GIS fusion and hydrology results from the synthesis of time series, geospatial data (GIS data), modeling and hydrological analysis [4] .
In this paper, we have based on various scientific studies using the topographic map at 1/50,000 to extract the morphometric indices (catchement area, drainage network, perimeter, shape, relief, and slope) of Inaouene River watershed using GIS tools. These morphometric indices are indispensable for characterizing the physical environment and their influences on the surface flow. The delineation of drainage networks and catchments from topographic maps have been widely replaced by the automatic extraction from Digital Elevation Model (DEM) [3] [5] [6] and [7] .
In recent times, DEM that was extracted from satellite image is widely applied to morphometric analysis of river basins. In Morocco, various studies where DEMs have been used to get various information such as terrain slope, gradient, aspect, contour line, estimation of soil loss, water resource evaluation and topographic characterization include [8] [9] [10] and [11] . Due to free access, SRTM and ASTER based DEM with 90 m and 30 m spatial resolution respectively are commonly used. Accurate delineation of watershed plays an extremely important role in the management of the watershed [12] .
Many studies have been conducted to estimate and compare the accuracy of ASTER GDEM and C-band SRTM elevation models. Horizontal and vertical accuracies of ASTER GDEM are estimated to be 30 m and 20 m RMSE respectively at the preproduction level at the 95% confidence level [13] . In a following study, Rexer and Hirt (2014) [14] compared the latest release of ASTER GDEM v2, SRTM3 USGS v2.1 with SRTM C-band CGIAR-CSI v4.1 and evaluated their accuracy against the ground truth dataset for Australia. They reported elevation accuracies to be RMSE 8.5 m, 6 m, and 4.5 m for ASTER GDEM v2, SRTM3 USGS v2.1, and SRTM CGIAR-CSI v4.1, respectively. Using validation points from Global Navigation Satellite Systems (GNSS), Athmania and Achour (2014) [15] assessed the vertical accuracy of the ASTER GDEM v2, CGIAR-CSI SRTM v4.1, and GMTED2010 at two test sites in Tunisia and Algeria. The RMSE of CGIARCSI SRTM v4.1 model (3.6 m) indicated a higher vertical accuracy than ASTER GDEM v2 (5.3 m) and GMTED2010 (4.5 m) for both sites. By using a reference DEM from a topographic map (1:5000 scale) to analyse the accuracy of ASTER DEM over Istanbul, Sertel (2010) [16] concluded that ASTER GDEM showed the main topographic features of the studied area. However, the absolute error in elevation was estimated to be 20 m in most of the studied region, and higher than 20 m in some parts.
In the Geographic Information System, many hydrological models are usually manage historical data and export data to numerical models [22] .
A basic parameters of river and its catchment area have to be define by a modern method, and the different results of this research will be used in future studies to model the Inaouene river watershed, and will support for decision-making.
Study Area
The Inaouene watershed is situated between latitudes 33˚30'N and 35˚N, and longitudes 3˚30'W and 5˚W. It is located in the East of Sebou watershed ( Figure   1 ) and is bounded on the East by the Moulouya watershed, on the Northwest by the Ouargha and Leben basins and on the south by the upper Sebou basin [23] .
This situation gives it a position in a semi-arid zone; therefore like all basins of , and a perimeter of 359 Km, this surface is composed of several sub-secondary basins, where the runoff waters collect. The value of Gravelius compactness coefficient K G of Inaouene river watershed is about 1.3, greater than 1, and then reveals this basin is characterized by an elongated shape. The Inaouene River is a main tributary of the Sebou River, formed by the junction of the El Arbaa River coming from the North and Bou Lajraf River coming from the South. It receives as main tributaries, goes downstream: Taza River, on the left bank, and Lakhdar River on the right. Regarding the hydrographic slope, the Inaouene watershed is characterized by a steep slope that can be favoring the reduction of the concentration time.
The altitude of the Inaouene river watershed is between 1970 m at the top and 54 m at the outlet ( Figure 2 ). The region is part of a semi-arid Mediterranean climate characterized by a wet winter and a hot, dry summer [24] . According to the stations measurement, the annual total is between 400 mm (Ain Boukellal) and 1200 mm (Bab Bou Idir). A very significant downward trend began in 1980, announcing an exceptional drought that has extended to the present day [24] [25]. Water offal is usually brutal and most rainfall is concentrated within a few weeks of the wet seasons [26] and [27] .
The physiographic characteristics of a watershed have a strong influence on its hydrological response, and in particular, the flow regime during flood and low water periods. The characteristics of the Inaouene watershed can easily be estimated from the topographic maps of Taza and Tahla of 1/50,000 by using digital GIS techniques.
Geomorphologically, the Inaouene watershed has a topography with significant elevation. It is bordered by two mountainous: the Rif, in the north, whose southern front extends a region of marly and clay hills. To the south, the Middle Atlas is presented in stepped plateaux, dominated by folded chains [28] . The watershed of Inaouene is characterized by a marly substratum more or less armed with limestone and sandstone benches, covering 60% of the total surface of the basin. These lithological formations are subjected to strong erosion, contrary to the carbonate formations in Tahla and Tazekka plateau [29] .
Materials and Methods

Datasets
The methodology followed in this study is based on the combination of radar and satellite images. In this study, ArcHydro Add-on/Extension, ArcHydro Groundwater, ArcScene and ArcGIS 10.2 software were used for the analysis [30] .
The Terrain Elevation Model (DEM), used by NASA, is the SRTM (Shuttle Radar Topography mission). The SRTM (Figure 3 ) covered approximately 80% of the earth's surface with an overall resolution of 90 meters, while the GDEM 
Methodologies
This research is ensured by the ArcHydro GIS model [30] using two DEM, the It is used to define the physiographic characteristics of Inaouene watershed according to flowchart of the model that is illustrated in Figure 5 , based on "ArcHydro tools-Tutorial" handbook [21] . To delineate the morphological characteristics of the Inaouene River watershed, we use the topographic map of Taza and Tahla of 1/50,000. We first identified the watershed boundaries by digitizing it on both topographic maps.
We then compared and corrected it to delineate the watershed based on DEM.
For this study, we used WGS-84 as Geographical coordinate system. The Flows assembly direction and the current definition makes it possible to differentiate the sections of the hydrographic network generated previously ( Figure 6 ). All cells belonging to the same hydrographic section will have the same numerical value [35] .
Results and Discussion
Based on the result of the previous step, 57 watersheds were created from each hydrographic section previously calculated using the "Catchment Grid Delineation" Journal of Geoscience and Environment Protection From the drainage networks, the "Adjoint Catchment Processing" [36] function is used to aggregate adjoint catchment and create a map of independent watersheds. Location of the drainage point (exit point) for each watershed determined using the "Drainage Point Processing" function, using as input the flow accumulation grid and watersheds.
The next steps concern calculation of longest flow path and slope determina- Final results of the model are mapped, and a result of SRTM-DEM data is shown in Figure 7 ; a result of ASTER-DEM data is shown in Figure 8 . According to the final result of ArcHydro model, which ASTER-DEM was applied (Table 1) , the geographic coordinate of the Inaouen River drainage mouth is 34˚9'46.8000"N, 4˚45'0.0000"W, length of the drainage is 172.68 km, perimeter of the catchment area is 500 km, area of the catchment is 3550.014 km 2 , location of the catchment centeris 34˚11'20.4000''N, 4˚15'21.6000''W.
Conclusions
The methodology followed in this study has been carried out by two types DEM from remote sensing: 1) SRTM has a horizontal spatial resolution of 90 meters, 2) ASTER (Advanced Spaceborn Thermal Emission and Reflection Radiometer) GDEM version 2 at a horizontal spatial resolution of 30 meters. This model was applied to the Inaouene watershed using the ArcHydro model. It's permitted to delineate and characterize the watershed in raster and vector formats, extract and modelling the stream networks.
During the ArcHydro model run, different morphometric parameters of the Inaouene watershed are defined (Table 1) . If we compare between the results of the two datasets, a difference in the area of the watershed is noted, for the SRTM-DEM satellite image the area is 3572.51 by contrast ASTER-DEM satellite image, the area is 3550.014. The difference between the minimum and maximum value of the results of the catchment area is 22.49 km 2 , which equals to 0.01% of the maximum value. This difference is acceptable. For SRTM-DEM, the study area contains several lines of ridges that allow defining 51 catchments and 44 drainage points, by Contrast ASTER-DEM, we have 57 catchments and 44 drainage points. Furthermore, we were observed a difference of the river length is about 10.77 km, it needs to recheck. So, the river channel has been checked with the river line on the topographic map ( Figure 9 ). From aforesaid three results, ArcHydro-SRTM result was approximately coincided with the map. Finally, this work is considered as a first version of modeling results in the Inaouene river basin, using mainly geospatial data (altimetry, mapping). The adopted methodology is applied to all watersheds at the national level, using the results to conserve data on water resources. In addition, the results obtained can be used as a base for hydrological modeling and analysis. This "standardized" data model is important because it allows for "interoperability" between different water agencies, and it provides a framework around which future computational programs can be designed. As a result, many water agencies are now interested in converting their water resource data into a compatible ArcHydro form.
